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formation of collapse wetlands with water-logging and vegetation change 6, 12 . In collapse 58 wetlands, there is then significant potential for CH4 to be released from the decomposition of 59 previously-frozen organic matter because: 1) thaw makes 10s of kg C m -2 vulnerable to 60 microbial decomposition, and 2) water-logging produces oxygen-limited conditions 61 throughout the soil profile and thus all newly-thawed organic matter will decompose under 62 anaerobic conditions. However, despite the potential importance of these peatlands to the 63 permafrost CH4 feedback 3 , to date, no study has quantified rates of CH4 release from the 64 decomposition of previously-frozen C in these systems. 65
Unlike in thermokarst lakes where there is no in situ vegetation relatively undecomposed sedge/moss peat accumulated post thaw to plateau peat. Thedepths of this transition were ~60 cm at Teslin and ~25 cm at Yellowknife (see 87 supplementary material). We used probes to collect CH4 from 40 cm below the transition 88 depth at each site, and collected samples of CH4 released from surface collars that either 89 included (full-profile collars) or physically excluded (near-surface collars) CH4 production 90 from peat layers deeper than 40 cm from the surface (Fig. S1 ). In addition, site differences 91 allowed us to 1) determine how the contributions of the different CH4 sources changed with 92 time since peat plateau collapse from recent to ~60 years ( Fig. 1a; at Teslin by sampling at 93 the collapse wetland Margin, 5m in, and at the wetland centre) and 2) investigate the 94 importance of the different types of post-thaw vegetation community ( Collapse wetlands released substantial amounts of CH4, whereas, consistent with 98 previous observations 6,15 , net CH4 release was not detected from undisturbed peat plateaus. 99
In Teslin, the water table remained within 5 cm of the soil surface throughout the 2013 100 growing season (Fig S3) and CH4 emissions reached up to 400 mg CH4 m -2 day -1 with an 101 estimated release of 21 g CH4 m -2 during the growing season (Fig. 2a) . We did not observe 102 differences in CH4 fluxes across the gradient of time since collapse (up to an age of 60 103 years; P = 0.192). This demonstrates that high fluxes can persist for multiple decades 104 (Fig. 2a) , although previous studies have identified lower fluxes in collapse wetlands with 105 ages older than 200 years 19 . In Yellowknife, an anomalously dry summer in 2014, with less 106 than 30 mm of rain in June and July, approximately 30% of the long-term average rainfall for 107 these months, resulted in the water table falling to a depth of 30 cm ( Fig S3) . As a result, 108 growing season CH4 emissions were lower than in Teslin (Fig. 2a,b) . We calculated that 3.2 109 g and 2 g CH4 m -2 were released from sedge-and moss-dominated collapse wetlands, 110 respectively. The difference between vegetation communities was not significant (P =In Teslin, the CH4 collected at depth with probes had a depleted 14 C signature, 114 demonstrating that organic matter with radiocarbon ages ranging from 700 to 2800 years 115 before present (y BP), was decomposing to produce CH4 (see Table S1 ). Conversely, the 116 14 C content of CH4 released at the collapse wetland surface was greater than that of the 117 current atmosphere 20 (Fig 3a) , indicating that the flux was dominated by C fixed since 118 nuclear weapons testing enriched the atmosphere in The drier conditions in Yellowknife made the collection of probe CH4 samples more 129 challenging, which may have contributed to the younger age of the CH4 (150-800 y BP; 130 Table S1 ). However, the CH4 released from the soil surface had a lower 14 C content than in 131
Teslin and was also lower than that of the current atmosphere, indicating that relatively old C 132 was being released (Fig. 3b) . The 14 C content of the CH4 emitted from near-surface collars 133 was higher than that from the full-profile collars again suggesting a contribution from deeper 134 soil layers, although the difference between collar treatments was not statistically significant 135 (P = 0.375). By carrying out the same sensitivity analysis based on the age of uppermost 136 permafrost C, it was estimated that previously-frozen organic matter could have contributed 137 a maximum of 30% to the CH4 emissions (Fig. 4) ; this corresponds to 0.7-1.0 g CH4 m near-surface CH4 production, the dry conditions greatly reduced total CH4 fluxes and thusabsolute amount of CH4 derived from previously-frozen C remained low. 143
The results from these two contrasting sites in different permafrost zones 144 demonstrate that, where substantial CH4 fluxes occurred, they were dominated by anaerobic 145 decomposition of recent C inputs. Total rates of CH4 release from previously-frozen C were 146 low irrespective of differences in time since thaw, vegetation community composition and/or 147 water-table depth. By calculating maximum potential contributions of previously-frozen C, 148 our calculations still likely represent an overestimation, adding to confidence to this overall 149 conclusion (see sensitivity analysis in Supplementary Information). 150
In both study sites, permafrost thaw exposed ~1 m of previously-frozen peat and >50 151 kg C m -2 to anaerobic decay and yet maximum CH4 release rates from this store during the 152 growing season were only 1-2 g C m and 2) Sphagnum spp moss carpet with little vascular plant cover (Fig 1b) . analysis of the peat transition (plateau to sedge/moss peat) indicated that permafrost thaw 389 had started ~60 years ago in Teslin, and in Yellowknife, on average 18 and 42 years ago in 390 the moss and sedge dominated collapse wetlands, respectively (Fig. 1b) . were extracted using a serrated knife, transferred into cylinders with sealed bottoms (near-418 surface collars), and then inserted back into the wetland to exclude any CH4 contributions 419 from depth (Fig. S1 ). All vegetation was maintained within the two collar types. Extracted 420 cores were retained intact during the transfer to the near-surface collars. Some root damagesurface vegetation within the sampling collar and therefore it appears that the impacts were 423 minimal. Water-table depths rarely differed between the full-profile and near-surface collars 424 but when they did, water was added to the near-surface collars from the surrounding 425 wetland. 426
To establish whether anaerobic decomposition of former permafrost was taking 427 place, probes were inserted into the peat profiles. Consistent with previous observations 6, 37 , 428 peat cores extracted from collapse wetlands at both study sites, revealed a clear and sharp 429 transition between a relatively undecomposed layer of sedge or Sphagnum moss peat that 430 had accumulated vertically since the initiation of collapse, and the underlying plateau peat. 431
This was observed at a depth of on average 60 cm in Teslin and 25 cm in Yellowknife. 432
Probes were inserted 40 cm below these transition zones at 100 and 65 cm depth for Teslin 433 and Yellowknife, respectively. Given that the active layer thickness was ~50 cm on the 434 plateau and some peat compaction will have taken place following collapse, by installing the 435 probes at these depths we were able to sample from approximately where the top of the 436 permafrost was before thaw took place. Each probe was sealed at the bottom to prevent 437 blockages during installation, and the bottom 10 cm of the probe was perforated to allow 438 water to enter. The emergent component of the probe contained a tygon tubing attachment 439 which was sealed using WeLoc clips to prevent gas exchange with the atmosphere. represented a contamination of < 0.5 %. In order to equilibrate CH4 from water, the water 465 carrier was shaken for 3 minutes; previous testing had demonstrated that 3 minutes are 466 sufficient to equilibrate and transfer CH4 from the water without influencing the isotopic 467 composition 38 . CH4 concentrations in the water carrier headspace were monitored using the 468 DP-IR. By squeezing the water carrier, the headspace was transferred to a foil bag, attached 469 through CPC couplings, but care was taken to ensure that water did not enter the foil bag. 470
New techniques have recently been developed at the UK Natural Environment 471
Research Council Radiocarbon Facility that overcome previous obstacles for radiocarbon 472 analysis of CH4 from remote locations 17 . These include i) improved gas collection methods 473 that allow samples to be reliably 14 C dated even at CH4 concentrations well below the lower 474 explosive limit, and ii) conversion of CH4 samples to CO2 followed by collection on zeolite 475 molecular sieves prior to transportation. The first stage of laboratory processing was to 476 remove any CO2 from the field sample. This was carried out by passing the field sample(CO2 free) foil bag. Verification of CO2 removal was confirmed using an infra-red gas 479 analyser (EGM-4; PP-systems UK) and the process was repeated if necessary. Next, the 480 CO2-free sample was transferred through another soda lime cartridge to remove any final 481 traces of CO2 from the sample, after which the CH4 was converted to CO2 through 482 combustion at 950 o C using a platinum-alumina bead catalyst. This CO2 was transferred 483 through a cartridge containing magnesium perchlorate to absorb any water vapour produced 484 during combustion, and then trapped on a molecular sieve cartridge containing Type 13X 485 zeolite 39 to enable safe transportation to the Radiocarbon facility in the UK. Back in the UK, 486 CH4-derived CO2 was desorbed by heating, cryogenically purified and aliquoted into 487 separate samples for were observed in Yellowknife, perhaps reflecting the fact that it was difficult to reliably 495 sample deep water from the 65 cm probes given the water table was at 30 cm (Table S1) Statistical analyses were carried out using SPSS (Version 22, SPSS Science) and 512 data were checked for suitability for parametric analysis. Repeated measures two-way 513
ANOVAs were used to determine whether CH4 fluxes changed over time (within-subject 514 factor) or differed across the gradient of time since thaw (Fig. 1a) or between vegetation 515 communities ( Fig. 1b; between-subject factors). Repeated-measures two-way ANOVAs were 516 also used to examine the effects of collar type (within-subject factor) and either time since 517 thaw or vegetation community (between-subject factors) on the 14 C content of the CH4 518 
